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Swapan and the bunched beam cooling puzzle 



• As a freshly-minted Ph.D., Swapan made major contributions 

during 1982 – 1984, as a member of the group implementing 

Stochastic Phase-space Cooling in the colliding ring 

complex at CERN, Geneva, Switzerland where the W and Z 

Bosons were discovered during this period; 

• Conceptual, theoretical , experimental and technological 

development of “Bunched Beam Stochastic Cooling” of 

protons, anti-protons and ions during 1978 till 1985, initial 

one-channel application at the SPS, and final validation in the 

recent implementation at the RHIC collider at the Brookhaven 

National laboratory (BNL); 

Swapan’s contributions to beam cooling
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Thesis Title: “On Stochastic Cooling 

of Bunched Beams from Fluctuation 

and Kinetic Theory“ (1982)

Thesis Advisors: Prof. Joseph 

Bisognano, Prof. Owen 

Chamberlain, and Prof. Wulf 

Kunkel. 

Ph.D.: UC Berkley (1982)
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An important conclusion:

No synch. frequency spread 

– no Landau damping and 

also no stoch. cooling!

Early predictions about bunched beam cooling

11/10/20 S. Nagaitsev | Bunched beam cooling puzzle4

This paper caught my
attention in 2005!



• Tevatron bunched beam cooling experiments, 1990-1995

• Observed strong coherent lines at each revolution frequency 

harmonic.

– These strong coherent signals prevented bunched cooling;

– Big mystery: no known reasons 

for them to exist!

First tests in the Tevatron: success is elusive

11/10/20 S. Nagaitsev | Bunched beam cooling puzzle5



For certain conditions, the synchrotron 

frequency spread can be insignificant for 

bunched-beam longitudinal stochastic 

cooling. Namely, the synchrotron frequency 

spread plays no role when the sample 

randomization is determined by the diffusive 

motion of the cooled particles rather than the 

synchrotron frequency spread. 

But still no explanation for the Tevatron 

results!

More bunched beam cooling research at Fermilab
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Au-Au stochastic cooling in RHIC: success, finally!

• 3-D stochastic cooling (5-9 GHz).

• ~5x U-U and ~ 4x Au-Au luminosity improvements.

– Cooling led to first increase of instantaneous luminosity and smallest 

emittance ever in a hadron collider.

• Doesn’t work with protons – same coherent lines as in the Tevatron!

– Still an unresolved puzzle: why does it work with heavy ions and does not 

work protons?



Maybe they are solitons?
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Summary: We have found that for the commonly used particle 

distribution functions, Landau damping vanishes in the 

presence of the constant inductive impedance Im(Z)/k above 

transition energy.

Both Tevatron and RHIC operate ABOVE TRANSITION!

Finally, jump to 2021
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• Loss of Landau damping leads to persistent longitudinal 

bunch oscillations with frequency spectrum extending to very 

high frequencies, ~10 GHz, unless they are damped by some 

other mechanism, like IBS

Only very recently this phenomenon was fully 

elucidated!
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• 1981: Swapan:  Bunched beam cooling should work but 

synchrotron frequency spread is essential

– No spread - no cooling and no Landau damping

• 1990-1995: Tevatron: persistent coherent lines prevent 

bunched beam cooling;

• 2005: Fermilab Recycler:  bunched beam cooling works if 

bunches are very long (essentially coasting beam);

• 2006 – to date: RHIC: bunched beam cooling works with 

high-Z ions but not with protons (similar to Tevatron)

– IBS diffusion seems crucial to damping coherent oscillations

• Finally, 2021: CERN: lack of Landau damping plus broad-

band  inductive impedance conspire to produce persistent 

oscillations up to very high frequencies!

Finally, the community is starting to solve the 

bunched-beam cooling puzzle
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• Just in time for Swapan’s retirement!

• Congratulations and my best wishes to you and good luck 

with your next chapter!

Puzzle solved, finally!
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